Abstract: Spectral characteristics of stochastic fields and their spatial derivatives in various planar structures composed by lossy materials described by realistic dielectric functions are numerically calculated based on solutions to the problems of multipolar electromagnetic fields in a plane layered geometry. A displacement of the maximum of the spectral power densities for spatial derivatives of fluctuating fields to the highfrequency domain, a resonant increase in the density of states of the fluctuating fields at the frequencies of interface excitations and interference modes for the radiative part of the spectra, the influence of geometry on the density of states, and other peculiarities are found by numerical calculations and graphically demonstrated. Interpretations of the above effects are provided.
Introduction
Thermal electromagnetic fields and other fluctuating fields are much addressed subjects in scientific research. There are a variety of ways to study these fields. In particular, a theory of equilibrium electromagnetic fluctuations without restriction on the relations between the electromagnetic wavelength and the characteristic spatial scale of a system was proposed by Rytov and his colleagues [1, 2] . The authors proposed a rather effective method to find spectral characteristics of spontaneous electromagnetic fluctuations in any geometrical conditions. They defined the related formula for the spectral power density (SPD) of fields as the generalized Kirchhoff's law. The law states that < E j (ω, r 1 )E * k (ω, r 2 ) >= 2
where Θ = (hω/2) coth(hω/2k B T ), k B and T are the Boltzmann constant and the temperature, Q is the mixed electromagnetic loss in a sample of interest induced by point dipoles located at spatial points r 1 and r 2 and oriented along the "j" and "k" directions. Similar expressions exist for the characteristics of a magnetic field, for mixed components and their spatial derivatives. The electromagnetic loss can be found in various ways, for example by finding an exact solution of the regular electromagnetic problem or by known approximation methods.
To demonstrate the effectiveness of the method described above, we show here the simplest application of the generalized Kirchhoff's law to derive the well known Planck law. It is known that the energy liberated by a monochromatic dipole source into an infinite space is given by Q = |p ω | 2 ω 4 /3c 3 , where p ω the strength of the dipole moment, ω is the frequency and c is the speed of light. For the unit current they are as follows: p ω = 1/ıω and Q = ω 2 /3c 3 . Applying the generalized Kirchhof's law (1) for the SPD of field components we obtain < |E i (ω)| 2 >=< |H i (ω)| 2 >= 2Θω 2 /3πc 3 , where i = x, y, z. Then the Planck law follows directly U bb (ω) = i=x,y,z {< |E i (ω)| 2 > + < |H i (ω)| 2 > }/4π = Θω 2 /π 2 c 3 . This is perhaps one of the shortest ways to derive the formula for the spectral composition of black body radiation.
Formula (1) is simplified in the equilibrium case, when the temperature is identical at all locations. In this case [1, 2] electromagnetic losses should be sought for in all space. Using Lorentz' lemma the losses in (1) may then be represented in the form Q[d j (r 1 ); d k (r 2 )] = −Re{s j G 2 (r 1 )}/2 = −Re{s k G 1 (r 2 )}/2, where G 2 (r 1 ) and G 1 (r 2 ) are the Green's functions of the regular problem, when the point dipoles are situated at points r 1 and r 2 and oriented in the s j and s k directions. Thus, in practice, if we know solution to the regular problem, we can solve different problems related to fluctuating phenomena [1, 2, 3, 4, 5] .
The Green problems in electrodynamics have been solved for different geometries, including plane, sphere, ellipsoid, cylinder, and cone, in variety of methods. The classical Sommerfeld problem on a dipole over the ground is well known from textbooks. A complete solution of the boundary-value problem of a dipole over a half-space and between two half-spaces described by any permeabilities may be found, for instance, in the book [1] . A number of papers are devoted to determination of the Green's function for planar multilayers, see, for example, [5, 6, 7] and references therein. Problems of multipoles over a half-space covered by a film [8] and between the half-spaces [9] described by arbitrary permeabilities were solved, followed by the calculation of the related SPD.
Along with the SPD another term is frequently used to describe the spectral characteristics of radiative waves, namely, the density of states (DS), ρ(ω). This may be introduced to define the average energy per unit volume, U(ω)dω = Θρ(ω)dω/V , between the frequencies ω and ω + dω, where ρ(ω)dω is the number of modes lying in the interval ω to ω + dω. It is well known that when the wavelength 2πc/ω of the above mentioned frequency interval is much smaller than the size of the geometrical cavity, ℓ (2πc/ω ≪ ℓ, 2πc/ω → 0), the density of states is ρ(ω)dω = V (ω 2 /π 2 c 3 )dω, which corresponds to the Planck law for black body radiation, U(ω) = U bb (ω). For a more general case (2πc/ω ≤ ℓ) the DS is the function of surface peculiarities [10] . It is obvious that the density of states ρ E (ω) and ρ H (ω) may be introduced to describe the spectral properties of the electric and magnetic fields, separately. In this paper we use, for convenience, both terms-SPD and DS-to compare with the results obtained by other authors.
It should be noted that the general analytical expressions for the SPD are quite complicated even for the relatively simple cases of plane layered systems. It is impossible in the case of arbitrary realistic permeabilities to determine subtle important regularities and spectral peculiarities of the SPD, based only on analytical solutions. That is why careful numerical calculations of the SPD in a wide spectral range without simplifying restrictions on electrodynamical properties of involved materials, together with qualitative clarifying discussions are, no doubt, a necessary step. Thus, the principal motivation to perform this work is to do a numerical study of spectral regularities and conditions of their manifestation in spectra of fluctuating fields created by bodies which are characterized by the realistic dielectric functions.
In this paper we address the problem of numerical calculations of the spectral properties of fluctuating fields induced by plane layered structures composed by realistic materials, based on explicit analytical formulas without restrictions on the geometrical factors. This problem is known to be directly related with the problem for point multipoles situated in such structures. The selected structures used for numerical calculations are a half-space, a half-space covered by a film, and two half-spaces separated by a transparent gap. To verify the solutions, we solve a regular problem for a more general structure consisting of two half-spaces, one of which is covered with a film of an arbitrary thickness. All involved materials are described by different complex dielectric functions and magnetic permeabilities. The half-spaces are separated by a transparent gap of an arbitrary thickness. We show that various asymptotics of this solution coincide with the solutions obtained elsewhere and use them to calculate the spectral properties of fields induced by noisy bodies which are described by realistic permittivities. This article is devoted to the radiative part of the fluctuating fields. The numerical calculation data for the radiative spectra are presented and the regularities of the spectra are discussed. In particular, we demonstrate here a displacement of the SPD maximum for derivatives to the high-frequency region, a resonant increase in the density of states of the fluctuating fields at the frequencies of interface excitations and interference modes for propagating waves of the spectra, geometrical restrictions on the density of states of the fluctuating fields, and other peculiarities found by numerical calculations. Reasonable explanations of these effects are offered.
Problem statement
The basis for calculating the spectral properties of spontaneous fields generated by various objects of lossy dielectric materials is described in known works [1, 2, 3, 4] . Numerical calculations in our paper are made using the analytical solutions obtained independently by different authors [1, 2, 5, 8, 9] . We intend to find qualitative and quantitative conditions of the origin of spectral peculiarities and regularities in the spectra of fluctuating fields by means of numerical analysis and instructive graphical representation of the calculated data. With that end in view we calculate spectral properties of stochastic fields and their spatial derivatives for various plane layered geometries: half-space, half-space covered with a film, and plane slit composed of two half-spaces. All involved materials are described by realistic permittivities. We exploit two models of the dielectric functions, namely, the Drude model to describe the electromagnetic properties of conductors, and a model dielectric function of a matter in a quasi-harmonic approach that describes, for instance, two-atomic isotropic crystals characterized by the ionic-covalent kind of forces acting among atoms.
In addition, to verify the earlier results, we find multipolar regular fields in the general geometry depicted in Fig.1 and demonstrate the limiting cases for the above mentioned planar structures. A layered structure is composed of two half-spaces, one of which is covered with a film of an arbitrary thickness h f . The half-spaces are separated by a gap of arbitrary value ℓ. All materials in the structure are described by the complex dielectric functions and complex magnetic permeabilities, except for the transparent gap. In the transparent gap an alternating monochromatic multipole of the n − th-order is located at arbitrary point r = (0, 0, h). The problem is to determine multipolar electromagnetic fields every location and thus find and investigate the spectral properties of the fluctuating fields and their spatial derivatives induced by the structures, which may be obtained from the structure shown in Fig.1 by obvious limiting transitions. Solutions related to the planar structures considered in this work follow from the general problem.
Solution

Regular multipolar fields in planar geometries
First, we find a solution for the selected geometry and then demonstrate the limiting cases. The method of solution we use is based on calculation of the Hertz vector. It is described in greater detail, for example, in the textbook [11] . The sought-for solution involving the above mentioned cases is obtained in Appendix A. Indeed, let us consider the case ℓ = ∞. From (A7) we have G + exp(qℓ) = F + exp(qℓ) = H + exp(qℓ) = H − exp(−qℓ) = 0. Thus, as follows from (A10), all coefficients for the upper half-space ( Fig.1) are zero, G 2 = F 2 = H 2 = 0. In this case the transparent gap will be transformed into a transparent half-space over the absorptive half-space covered by film [8] .
Putting h f = 0, we find from the general solution the fields for the geometry of two absorptive half-spaces separated by a transparent gap ℓ [9] . In this case we put α f = α 1 ,α f =α 1 for coefficients within the film and do the transformation
Under the condition h f → 0 we have z → 0, and it follows from (A11) that (H f + + H f − ) → α 1 (H + + H − ) = H 1 for the two absorptive half-spaces geometry [8] . The same concerns coefficients
The solution for one half-space (h f = 0, ℓ = ∞) follows straight from the general formulas or from the above considerations.
Numerical calculations of spectral properties.
In this section we present the results of numerical calculations of the spectral properties of fluctuating fields in planar geometries. The most important points required for the calculations are the dielectric functions and magnetic permittivities. Everywhere in this paper we consider nonmagnetic materials. As the dielectric functions we used the data from reference books [12, 13] . Thus, we used the Drude formula
where σ 1 is the static conductivity of a metal and τ 1 is the time of relaxation of electrons in the metal.
To describe the dielectric properties of matter, we used the expression for a dielectric function with experimentally fitted parameters related to GaAs
where ω L = 292.1cm −1 is the frequency of the longitudinal optical phonon, ω T = 268.7 cm −1 is the frequency of the transverse optical phonon, Γ = 2.4cm −1 is the damping factor due to anharmonicity, and ǫ ∞ = 11.
Half-space
Spectral properties of electromagnetic fields and their spatial derivatives are necessary in calculations, for instance, of ponderomotive forces acting on finite-sized bodies or multipoles of any order in inhomogeneous fields. We calculate the spectral power densities of spatial derivatives |E (n) z | 2 of fluctuating electromagnetic fields in the simplest case for one half-space in contact with a vacuum, (ǫ = µ = 1). The losses may be found by taking h f → 0 in the work [8] , or ℓ → ∞ in the work [9] . In addition, we can find multipolar fields from Appendix A by letting h f → 0 and ℓ → ∞. We need to calculate the electromagnetic losses Q[Q (n) dz ] induced by a multipole of the n − th order, which is composed of the d z point dipole. In this case we use only the coefficient G 1 from (A9)
where n = 0, 1, 2, .... Electromagnetic losses within the half-space may be found by integration of the Poynting vector over the entire surface z = 0. Expressions for the tangential components of the fields follow from (4) and (A5). After integration we have
for the multipoles composed of the dipole d z = −1/ıω corresponding to the unit current.
Using (5) and the generalized Kirchhoff's law for the SPD of the spatial derivatives of fields [1] yields the SPD for propagating waves
where
1/2 and we took into account that for the propagating
1/2 is a purely imaginary expression because p < ω/c, and, hence, q +q * = 0. For the computer calculations we used σ 1 = 4.37×10 17 s −1 and τ 1 = 3×10 −14 s in (2), appropriate for gold. All data are represented in the Gauss system. We used only the temperature-dependent part of the function Θ =hω/[exp(hω/k b T ) − 1], omitting the diverging term for the zero-point fluctuations.
Fig .2 exemplifies the SPD for the z component of the electric field E z and the spatial derivatives of the same component with respect to the z coordinate for various n in (6). In Fig.2a the normalized SPD for even, and in Fig.2b for odd derivatives are shown. It can be clearly seen that the shift of the SPD maximum to the higher frequency spectral domain occurs. The higher the order of a derivative, the larger is the displacement. Moreover, the SPD is widening and covers a relatively larger frequency band around its maximum.
We consider any spatial derivative as a new stochastic function which includes more high-frequency spatial harmonics than the function itself. It is obvious that the higher the order of a derivative, the larger is the high-frequency domain covered by spatial harmonics. In other words, the spatial derivative of the n − th order as a new stochastic function is more enriched by the high-frequency spatial harmonics than the (n − 1)th order spatial derivative. We represent the SPD related to the propagating waves in a vacuum, where all waves satisfy the known dispersion relation ω = ck, where k is the wave number in the vacuum of a concrete harmonic of the entire spectrum of fluctuation. Thus, in this case, if a stochastic function consists of a larger high-frequency domain of spatial harmonics, it means (via the dispersion relation) that the related SPD is enriched in high-frequency harmonics and displaced to the high-frequency band. This is clearly manifested in Fig.2 .
This conclusion is valid for any temperature, as is exemplified in Fig.3 . In this figure we show the SPD of the spatial derivatives for n = 1 and n = 4 at different temperatures. In addition to the above described peculiarities, we emphasize another two features. The first one is the high-frequency shift of the SPD maximum for any derivative, similar to the Wien displacement law in the case of black body radiation. The second one is a more crucial temperature dependence of the SPD for spatial derivatives. In other words, the higher the order of the derivative, the sharper is the temperature dependence of the corresponding SPD. As in the black body theory, this effect is related to the temperature dependence of the Planck function Θ(T ). Because the SPDs of the highest derivatives cover a larger high-frequency domain, the parameterhω/k B T in the Planck formula is larger, hence, the more crucial temperature dependence of the SPD.
The SPD widening of the spatial derivatives in the "ω"-domain in the figures means that the corresponding stochastic functions in the "τ "-domain are less correlated, as follows from our computer calculations.
Film on a half-space
A related regular problem follows from the general problem in Appendix A at the limit ℓ → ∞, as described above. This result fully coincides with the solution [8] , where the SPD and the contribution from the interface localized modes were obtained. For instance, the spectral power density of the "n" − th spatial derivative of the E z -component with respect to the "z" coordinate of the fluctuating fields for propagating waves is described by
where S f ǫ and I + f ǫ are given by formulas (15-18) from the work [8] and include both even and odd spatial derivatives. The case n = 0 corresponds to the SPD of the E z -component of fields. Fig.4 exemplifies the spectra of propagating waves of the E z -component of the fluctuating electromagnetic fields generated by a half-space covered with thin films of different values of thickness. Numerical calculations were done at the following parameters: for a film σ f = 3.7 × 10 15 s −1 , τ f = 3 × 10 −13 s and for a substrate σ 1 = 4.37 × 10 17 s −1 , τ 1 = 3×10 −14 s. From the graphic it follows that the resonance peak appears at thickness of the film h f ≪ 1 ×10 −4 cm. Numerical determination gave the frequency ω ≃ 3.94 ×10 14 rad/s corresponding to this peak for any thickness used in the calculations.
With the same parameters of the film and substrate we calculated the spectra of various spatial derivatives. In Fig.5 the normalized spectra of the E z -component and the first, eighth and ninth spatial derivatives with respect to the "z" coordinate are presented. As in the case of the half-space, we can see the displacement of the spectral maximum to the high-frequency domain. But, the resonance peak is strictly at the same position of the spectra.
To understand the described peculiarities in the spectra, we analyze the poles of the integrand in expression (7), as in [8] . These poles give characteristic equations for the eigen-modes supported by the system of interest. For instance, the denominator of I + f ǫ gives the dispersion relation for the "p"-polarized waves
This relation describes the radiative and the non-radiative eigen-modes of a threelayer structure [14, 15, 16] . Putting h f → 0 in (8) we obtain as a zeroth approach the dispersion relation for surface polaritons in a three layered structure with a super thin covering film
As follows from (8) and (9), this relation is valid under the condition |q f h f | ≪ 1. Equality (9) may be fulfilled at ǫ f (ω + ) ≃ 0 or at ǫ f (ω − ) ≃ ∞, in other words, at the frequencies closely related to the longitudinal and transverse optical phonons of the film's material. >From the condition ǫ f (ω + ) = 0 we obtain ω + ≈ 3.937 × 10 14 rad/s for the Drude model with selected parameters of the film. This is practically the same value as was found numerically from the spectra in Fig.4 . More accurate relations may be found from (8) at the conditions
The corresponding dispersion curves extend to the left region with respect to the vacuum light line. The initially nonradiative surface plasmon-polariton supported by the metal-vacuum interface is disturbed by the thin film, followed by splitting into a set of dispersion curves including the radiative "tails". This is possible if the plasma frequency of a substrate is larger than the plasma frequency (or of the frequency ω L for dielectrics) of the film. For purely real dielectric functions the frequencies of the radiative modes are complex ω = ω ′ + ıω ′′ . The imaginary part characterizes the radiative damping γ r = 2|ω ′′ |. Numerical calculations show that the thicker the film, the larger is the radiative damping. Then, the first interference mode appears at the transition from |q f h f | ≪ 1 to |q f h f | ∼ 1. The equation q f h f ≈ mπ/2, (m = 1, 3, ..) determines the frequencies of additional radiative states of the structure as compared to a thin film. It is well-known that the total thermal spectrum is divided into the radiative (p < ω/c) and nonradiative (p > ω/c) waves. The peaks appear due to the resonance radiative states of a layered structure. It is possible to estimate the thickness of "thin" films using the inequality
The thickness must be h f ≪ p −1 , where p < ω/c. Because, in accordance with the dispersion relation ω = ω + ≃ ω L in the radiative region, we obtain h f ≪ ω L /c for dielectrics, or h f ≪ ω pf /c, where ω pf is the plasma frequency of the film.
To verify the above considerations we calculate the spectra induced by a half-space covered with GaAs films. The spectra of the E z -component of the fluctuating fields generated by such a structure are shown in Fig.6a,b) . One can see two resonance-like peaks of DS at the frequencies ω 1 ≈ 5.047 × 10 13 rad/s and ω 2 ≈ 5.49 × 10 13 rad/s. The frequencies are the eigen-modes determined by the two branches of the dispersion relation. They are closely related to the frequencies of the transverse optical and longitudinal optical phonons, ω T = 5.048×10 13 rad/s, ω L = 5.4876×10 13 rad/s for GaAs. The spectral domain between these frequencies corresponds to the negative values of the dielectric function. The thicker the film, the higher is the complexity of the spectrum. Formation of so-called interference modes (Fabry-Perot modes) of a plane-parallel layer outside the "forbidden" domain (ǫ f (ω) < 0) is shown in Fig.6c,d,e) . Apparently for the first time such modes were described in [14] ; see also a review [16] . Appearance of these modes in the spectra of thermal fluctuating fields can be seen at a wide spectral range, Fig.6c,d,e) . As the film thickness increases, the interference modes get closer to each other until they merge, Fig.6f ). Our results qualitatively coincide with the experimental thermally stimulated spectra induced by an aluminum mirror covered with ZnSe films of different thickness [16] .
It should be noted that for the first time the spectral peculiarities of fluctuating fields due to interface excitations were considered in [17] ; see also [18] .
Plane slit
In this section we deal with the spectral density of the energy of fluctuating fields U(ω) = i=x,y,z {< |E i (ω)| 2 > + < |H i (ω)| 2 >}/4π in a vacuum plane slit, formed, in a general case, by two lossy dielectrics. The radiative part of the spectral density of the energy of fluctuating fields inside of the plane slit is described by the formula
where S iǫ , S iµ , (i = 1, 2) are given by expressions (38) from [9] and I ± iǫ , I ± iµ , (i = 1, 2) are the interference terms (39,40) therein. Fig.7 exemplifies the results of calculations of the spectral density of the energy in a wide frequency domain inside a plane slit between gold plates (10) as compared with the spectral density of radiation induced by a gold half-space (6) and with black body radiation. This figure presents three selected cases, namely, when the wavelengths from the radiative domain are much larger (2πc/ω ≫ ℓ), approximately equal (2πc/ω ∼ ℓ), and much smaller (2πc/ω ≪ ℓ) than the gap value ℓ. For relatively thin gaps, Fig.7a) , the spectral density of the energy may be larger than in the black body case. The fact is that the waves propagate mostly along the plane slit inside such a thin gap, while along the perpendicular direction a spatial distribution of the fields is formed instantly (without retardation) accompanied by additional polarization of the materials of the opposite surfaces of the gap. The result implies appearance of secondary sources of the evanescent-like waves, followed by an increase in the density of states, despite the formal restriction of the spectrum in calculations of only the radiative part (p < ω/c). Moreover, the calculations show that the thinner the gap, the larger is the spectral density of energy. Thin gaps act as "electromagnetic compressors".
At gaps comparable with the wavelengths of the fields the spectrum has a kinklike form, as demonstrated by Fig.7b . For good conductors the "jumps" at the curve "s" correspond to ω n = nπc/ℓ, (n = 1, 2, ...), as follows from the denominators of the interference terms I ± iǫ . It is clearly seen that the spectrum inside the gap takes the form of a black body spectrum at high frequencies. The problem of the density of states of the fields inside finite geometrical volumes with various boundary conditions has been very popular in science in the last hundred years [10] . Different authors found corrections to the Planck law due to the influence of the surface. Corrected terms in the case of finite smooth geometries were obtained, for example in [10] 
where S is the surface that bounds the volume V , R r is the local average radius of curvature of the surface at the point r, dσ r is the element of the surface around of the point r. Thus, for a sphere of the radius R in the case 2πc/ω ≤ R
The correction term becomes appreciable when the wavelength 2πc/ω approaches R.
In the case of two perfect conducting plates separated by a gap ℓ, the exact equation for the density of energy for the radiative part of the spectra [5] is given by
where η is the largest integer less than kℓ/π. This formula qualitatively shows the same peculiarities as in our case with gold plates in Fig.7 . The spectral density of the energy in the case ℓ → ∞ is shown in Fig.7c . This situation may be considered by decomposing the interference terms in (10) . For example, the term I ± 1ǫ may be represented in the following form (14) we obtain two independent (no multiple reflections between them) half-spaces. In this case the total field is a proper sum of two fields generated by these two half-spaces, separately. It is seen in Fig.7c) , that the curve "s" is twice as large as curve "hs".
If we consider ℓ as a huge but finite value, we may keep the exponential terms in (14) . This means that we take into account multiple reflections between the two half-spaces. In this case the fluctuating field is exactly the black body field. In Fig.7c the curve "s" coincides with the curve "bb".
Enlargement of a slit yields involving more and more frequencies to form a spectrum.
Step by step the spectral density of energy inside the slit approaches the spectral density of black body radiation expressed by the Planck law at the condition (2πc/ω ≪ ℓ). This is clearly illustrated by Fig.8 , where the spectral density is calculated at various values of a plane gap including spectral domains (2πc/ω ≤ ℓ) and (2πc/ω ≥ ℓ).
The sharp jumps and their positions on the frequency axis are related to "good" conductors. For dielectrics such jumps are smoothed out and transformed into something like transition regions. In Fig.9a ) we demonstrate the spectra of the radiative waves inside the plane slit formed by the Drude materials with dramatically different conductivities. The larger the conductivity, the sharper are the jumps in the spectra. For comparison, in Fig.9b) we present the spectra of waves inside the plane slit composed by gold (10) and by perfect conductors (13) . All jumps on these two curves are fully coincident, but the values of the first jumps are different. It should be emphasized that at low frequencies (2πc/ω ≫ ℓ) both of these independent models give a larger value of the density of states, compared with black body radiation, even for the radiative part of the spectra.
Conclusion
We presented the results of numerical calculations of the spectral properties of thermal fields and their spatial derivatives for various plane layered geometries: half-space, halfspace covered by a film, and plane slit formed by two half-spaces. All involved materials are described by realistic permittivities. We used our own analytical solutions and the solutions obtained by other authors. In addition, in this paper we applied the solution of the electrodynamical boundary-value problem for multipoles of any order in a layered system composed of two half-spaces, one of which is covered by a film of an arbitrary thickness. The half-spaces are separated by a transparent gap. All materials of the system except for the transparent gap are absorptive and characterized by complex dielectric functions and magnetic permeabilities. All of the above mentioned limiting cases for numerical calculations follow from this solution. In this paper we address the radiative part of spectra. We demonstrated the results of numerical calculations and discussed the clearly stated regularities and peculiarities of the spectra. In particular, we found a highfrequency displacement of the SPD maximum for derivatives and gave a clear qualitative explanation of this effect. It is shown that the temperature dependence of the SPD for spatial derivatives is similar to the well known Wien displacement law in the black body theory. We found a resonance-like increase in the spectral density of radiative waves at frequencies closely related to the frequencies of longitudinal and transverse optical phonons of matter and in the frequency domain related to the Fabry-Perot modes for films covering the half-space. Quantitative and qualitative changes in the spectra at different thickness of a film are shown. On the basis of the solutions of independent authors we established that in super thin vacuum gaps and in the low frequency domain (2πc/ω ≫ ℓ) the spectral density of energy may be larger than in the black body geometry, even for the radiative part of spectra. The dynamics of establishing the black body spectrum in a plane gap formed by realistic materials from an intermediate domain (2πc/ω ∼ ℓ) to the domain (2πc/ω ≪ ℓ) corresponding to the black body geometry is shown. We demonstrated a jump-like behavior of the radiative spectrum of fluctuating fields inside a plane slit composed by lossy dielectrics and compared our solution with the known data from literature. Part two which deals with the non-radiative (evanescent) part of the spectra in such geometries will be presented.
Appendix A. Calculation of regular multipole-like fields
Our problem is equivalent to solving the Maxwell equations in an inhomogeneous medium for specified multipole sources. We are interested in fields in absorbing materials (z > ℓ), (z < −h f ), (−h f < z < 0), and in the transparent layer (0 < z < ℓ), see Fig.1 . Therefore, we shall seek a complete solution to this problem for the cases of four domains with corresponding boundary conditions in the planes (z = ℓ), (z = 0), (z = −h f ). To solve the problem we determine the Hertz vector Z in all of the four media as in [8, 9, 11] . Of course, similar problems can be solved by other methods [7, 19] .
For convenience, we represent the Hertz vector in the transparent gap by
within the domain (0 < z < ℓ)
]dp,
with q = √ p 2 − k 2 . The integral representation of the partial solution for a multipole origin of any order n = 0, 1, ... is given by [9] , Z q n = (−1) n µ pZ q n , where
N = (n − 2)/2 for even n = 2l and N = (n − 3)/2 for odd n = 2l + 1, l = 0, 1, 2, ..., (n − 2j − 1) means a higher-order derivative. At negative N the sum in (A2) is equal to zero. The case n = 0 corresponds to the classical Sommerfeld integral representation for a dipole origin
where R = x 2 + y 2 + (z − h) 2 , r = √ x 2 + y 2 according to Fig.1 . In absorbing materials Z
h , where
To find all coefficients G, F, H in (A1) and (A4) − (A6) we should use appropriate boundary conditions. Tedious mathematics yields the following coefficients of interest within the four domains.
For a field in the transparent domain (0 < z < ℓ)
For a field in the domain (z < −h f )
For a field in the domain (z > ℓ)
For a field in the film (−h f < z < 0)
Thus, we found all coefficients for the Hertz vector. The knowledge of the Hertz vector gives the electromagnetic fields created by multipole-like sources in all domains. Fig   Fig. 1 The layered structure composed of two lossy half-spaces and a lossy film. The point multipole of the n − th order is situated in the transparent gap. Fig   Fig. 3 SPD of the first -a) and fourth -b) derivatives of E z at different temperatures. Fig   Fig. 5 Normalized SPD of the E z component of fluctuating electromagnetic fields (n=0) and the first derivative (n=1) -a), eighth (n=8) and ninth (n=9) derivatives -b) over a half-space covered by a film of thickness h f = 10 −6 cm. Materials of the structure are described by the Drude model. Fig  Fig. 8 Spectral density of the energy of the propagating waves inside a plane slit formed by two gold half-spaces at different values of a slit. Fig   Fig. 9 Spectral density of the energy of the propagating waves inside a plane slit formed by two half-spaces described by the Drude model at σ 1 = 4.37 × 10 17 s −1 , τ 1 = 3 × 10 −14 s(thick line) and at σ 1 = 4.37 × 10 14 s −1 , τ 1 = 3 × 10 −14 s(thin line) -a), and inside a plane slit formed by gold half-spaces (thick line) and by half-spaces of the "perfect metals" from [5] (thin line) -b).
